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ABSTRACT
Root-knot nematode populations endemic to Louisiana soils were 
identified to species and race. Meloidogyne incognita (Kofoid and White) 
Chitwood, (MI) accounted for 97 percent of the populations identified.
Of the M. incognita species 55 percent were Race 1, 38 percent Race 3, 
and 7 percent Race 4. Meloidogyne javanica represented 3 percent of the 
populations studied. Populations were compared to the M^ _ incognita used 
in the LSU sweet potato breeding program (MIS) for their virulence on 
the susceptible 'Centennial' and resistant 'Jasper', 'Jewel', and L4-73. 
The populations varied in virulence to the sweet potato cultivars with 
some populations being more virulent than the MIS population. Several 
populations appeared capable of overcoming resistance exhibited by the 
sweet potato cultivars. The life cycle of MIS was studied on 
'Centennial', 'Jasper', 'Jewel', and W-51. Varietal resistance did not 
inhibit the initial rate of juvenile penetration, but did reduce the 
number of juveniles that reached maturity. Resistance reduced the 
number of juveniles that reached maturity; however, the rate of nematode 
development was more rapid in the resistant 'Jewel' than the other 
cultivars. The effect of MIS on the growth of 'Centennial' and 'Jasper' 
was studied in field plots artifically infested with initial population 
densities (Pi) ranging from 0 - 10,000 MIS eggs per 500 cc of soil. 
Population dynamics were similar on both cultivars; however, higher mid 
season counts were recorded from 'Centennial' than from 'Jasper'. The 
highest Pi levels did not produce the highest mid season counts.
Initial Pi levels had similar effects on the growth of 'Centennial' and
x
'Jasper' sweet potatoes. Pi levels were negatively correlated with 
marketable roots produced and root weight, but positvely correlated with 
total cracked roots, percent cracked roots, and cracking severity 
ratings. 'Jasper' was able to tolerate significantly higher Pi levels 
with better yields and root quality than 'Centennial'. The incidence of 
cracking of the fleshy root was apparent on both cultivars at low Pi 
levels.
REVIEW OF LITERATURE
REVIEW OF LITERATURE
Root-knot injury to the sweet potato: Root-knot nematode injury 
to the sweet potato was first reported by Elliott (18). Although he 
did not describe the symptoms produced by the nematode he included a 
diagram of a sweet potato fleshy root that was malformed with deep 
cracks. It was not until 1927 that Poole and Schmidt (66) described 
the symptoms of root-knot damage on 'Nancy Hall' sweet potatoes. 
Symptoms consist of knots which range from pinpoint to 3 mm diameter 
in size and protruded prominently on the fleshy root. The fleshy 
roots were malformed with deep indented rough scabs. The female 
nematodes were abundant in the knots on the roots and numerous along 
the margin of large physiological cracks. Poole and Schmidt observed 
that infection was more severe in the cracked or broken tissue (66).
It was believed that the nematodes were attracted to the broken tissue 
of the cracks through which they could readily enter the healthy parts 
of the roots. Other points of entry were centered around the new 
sprouts and fibrous roots that developed on the sides of the root. 
Females surrounded by brown oxidized cells could be observed inside 
the fleshy roots (44, 64). Galling and decay are often present on the 
fibrous roots (79). Reports of root knot nematodes in sweet potatoes 
and the symptoms produced are common in the literature and have been 
made by different researchers from most of the sweet potato producing 
areas in the United States and in many other countries (4, 7, 9, 21, 
27, 37, 46, 51, 83).
2
Primary root penetration by larvae was determined by Krusburg
and Nielsen (39) to occur around the tips of the young roots. A
second major area was through ruptured cells of the enlarging roots or 
where lateral roots emerged. A third site of entry was through the 
broken surface of root cracks. Once within the roots, the larvae 
moved intercellulary through the cortex and intracellulary through the 
vascular tissue (39). The vascular tissue was the primary feeding 
site where giant cell formation was observed (39). Other reactions of 
the sweet potato to the nematode included the development of abnormal
xylem, cells devoid of contents, cork cells, hyperplastic parenchyma,
and cracking of the fleshy root.
Sweet potato cracking. Cracking of the sweet potato fleshy root 
has been associated with a number of factors. Environmental growth 
conditions, cultural practices, mineral nutrition, varietal 
differences, and nematodes have been considered major causes of 
cracking. Harter and Weimer (28) were the first to speculate that 
weather conditions caused cracking. Cracking was observed in years of 
heavy precipitation which resulted in high soil moisture over the 
growing season. Scott (68) suggested that environmental growing 
conditions in combination with cultural practices, plant spacing and 
planting date determined cracking. Ogle (61) found that cracking was 
more pronounced in sweet potatoes subjected to prolonged dry periods 
followed by excessive rainfall. However, there was no relationship 
between the moisture content of the roots and cracking. Ogle 
determined that larger roots exhibit a greater tendency to crack than
4smaller roots and that any factor that contributed to an unbalanced 
growth rate may contribute to cracking.
Scott (68) suggested that all sweet potato cultivars show 
cracking. Elmer (19) reported that the degree of cracking varied 
among selections and made selections from plants which did not crack. 
El-Kattan and Stark (17) reported varietal differences in 
susceptibility to cracking was a consistent factor in sweet potatoes.
They conjectured that cracking was due to pressure exerted by the 
enlarging vascular cylinder on comparatively inactive outer tissue.
Cracking released this internal pressure. Moisture was the main 
factor regulating the activity of the developing tissues.
Mineral nutrition is reported to be important in cracking.
Willis (82) determined that boron applications reduced cracking, 
other researchers were not able to obtain a beneficial association 
between boron and a reduction in cracking (41, 60, 68). Nusbaum (59) 
found that cracking increased with boron applications. Nusbaum (59) 
demonstrated that high nitrogen applications resulted in severe 
cracking. Lutz, Deonier, and Walters (41) associated severe cracking 
with increased nitrogen and lime content of the soil. Ogle (61) also 
observed an increase in the amount of cracking resulting from high 
nitrogen fertilizers. However, no relationship between cracking and 
the total nitrogen content of the roots, vines, and leaves was 
determined.
Scott (68) found that the severity of cracking increased with an 
increase in the percent of potash added to the fertilizer. Ogle (61) 
obtained fewer fleshy roots with cracks when napthalene acetic acid 
was used as foliar sprays at a rate of 1000 ppm. He felt that
5applications of NAA may be practical for sweet potato cultivars that 
are susceptible to cracking.
Cracking of the fleshy root has also been attributed to plant 
disease and nematodes. Scott (68) and Smoot (69) associated pox or 
soil rot (Streptomyces ipomoea) with cracked sweet potatoes. Cracking 
due to nematode injury was first reported in 1918. Elliot (18) 
reported that sweet potatoes infected with root-knot nematodes yielded 
less fleshy roots and that these roots were of an inferior quality.
Although no description of symptoms was included with this report, 
cracking is apparent from the figure included in the report. Poole 
and Schmidt (66) were the first to describe the presence of numerous 
nematodes along the margins of large physiological cracks.
The earliest record of chemical control for nematodes on sweet 
potatoes was reported by Scott (68). Studies in Mississippi revealed 
less cracking of the fleshy roots in plots that were sterilized for 
nematode control. Mullin (52, 53) injected a field with 
dichloropropene-dichloropropane (DD) which resulted in fewer cracked 
roots than the non-treated plots. Mullin proved that nematodes were a 
major factor in sweet potato cracking. Other researchers successfully 
reduced the amount of cracking by treating the soil with DD for 
nematode control (38, 39, 56, 57). Later Birchfield and Martin (3) 
demonstrated that Mocap (0, ethyl S, D-dipropylphosphorodithioate) 
gave efficient control of nematodes and improved the grade of 
sweetpotatoes by reducing cracking. Mullin attributed cracking 
entirely to nematodes (53) . In a greenhouse study that contained no 
other variables no cracks were observed in his untreated control.
Krusberg and Nielsen (39) obtained a significant positive correlation
6between root-knot nematodes and the number of cracks. They 
demonstrated that heavy soil infestation by nematodes reduced plant 
and root growth. It was postulated that the nematodes inhibited 
localized cell division and growth of the underlying tissue which may 
cause a rupture through the less active infected cells (39).
Varietal resistance. Weimer and Harter (80) recognized that 
nematode injury was more severe on certain sweet potato varieties.
They suggested using resistant varieties in fields that were heavily 
infested with nematodes to help control the disease. They found that 
the 'Red Jersey', 'Southern Queen', and 'Yellow Belmont' cultivars had 
no galls whereas 'Nancy Hall' and 'Red Brazil' were badly infected.
Tyler (78) observed heavy infestation and severe cracking of 'Porto 
Rico' sweet potatoes. Kushman and Machmer, in 1947, conducted 
varietal studies to determine the susceptibility of 41 sweet potato 
varieties to Heterodera marioni (Cornu) (= Meloidogyne incognita)
(40). They found that the 'Jersey' type were consistently resistant 
while the 'Nancy Hall' and 'Red Brazil' group of sweet potatoes were 
susceptible. Cordner (10) examined 44 sweet potato seedling lines and 
cultivars for their susceptibility to root-knot nematodes. Two 
seedlings were free of surface cracks and scabs. Orlis, a mutation of 
'Little Stem Jersey', developed by Elmer (19), and Oklahoma 29 were 
found to transmit resistance to seedling progeny. They hypothesized 
that nematode resistance was a recessive factor and that inheritance 
is relatively simple. Later Cordner (11) reported that when crossing 
two parents resistant to root-knot nematodes that about 50% of the 
offspring were resistant, 30% were intermediate and 20% susceptible.
7When crossing two susceptible varieties 10% were resistant, 25% 
intermediate, and 65% were susceptible. They confirmed that the 
’Jersey' varieites were resistant, the 'Porto Rico' types were 
intermediate, and 'Nancy Hall' types were susceptible. Misuraca 
obtained a similar ratio in 1970 (50). Gentile, Kimble and Hanna 
(1962) found that resistance could be transfered to the desired 
breeding stock from the resistant sweet potato 'Tinian'. The genetic 
inheritance of resistance was not described due to the sweet potato 
being a hexaploid. Struble, Morrison and Cordner (73) concluded that 
resistance to root-knot nematode was not a simple inherited character 
but a multiple inherited factor. Later resistance to root-knot 
nematodes was determined to be inherited in a multifactorial 
quantitative manner, controlled by several genes showing partial 
dominance (50, 73). Due to the complex genetics of the sweet 
potato,Jones, Dukes and Cuthbert utilized a mass selection program 
to combine multiple insect, nematode, and disease resistance with 
other horticultural qualities (33). From this program the breeding 
line W-51 was developed with resistance to M. incognita as well as the 
resistance breaking race described by Martin and Birchfield (15, 16, 
33, 48). As of 1978 there were 14 resistant sweet potato cultivars 
recorded (74).
Inherited resistance. Early observations of how resistance was 
expressed by the sweet potato was based on the lack of cracks and 
scabs on the surface of the fleshy root as well as a lack of mature 
females found in slices of the fleshy root. From these observations 
Cordner, Struble, and Morrison reported two resistant cultivars in
81951 (10). Dean and Struble (13) associated necrosis of the host 
tissue with resistance. The cultivars 'Orlis', ’Oklahoma 46' and 
'Oklahoma 29' produced root necrosis after nematodes entered the 
roots, whereas no necrosis was observed in the susceptible 'Allgold' 
roots. They observed no difference between the number of larvae 
entering the resistant or the susceptible roots but did observe 
differences in the number of larvae that developed into egg laying 
females. These resistant reactions exhibited by the sweet potatoes 
were considered desirable characters in breeding resistance to 
root-knot nematodes in sweet potato breeding programs. In Oklahoma 
breeding lines and sweet potato cultivars were classified by the 
amount of injury to the underground portion of the plant at harvest 
and the number of nematodes found in the storage roots (11). From 
Cordner, Struble and Morrison's study the 'Jersey' variety, 'Orlis', 
and other parent lines might be used effectively in breeding for 
root-knot resistance based on injury to the roots at harvest. The 
amount of root galling was suggested, in 1961, as a measure of 
susceptibility of sweet potato to root-knot nematodes by Giamalva, 
Hernandez, and Miller (25). They observed differences in the amount 
of galling on susceptible and resistant cultivars. Kondo et al. (36) 
included the population density of mature females in the sweet potato 
plant as well as galling in their evaluations. However, Taylor and 
Sasser suggested that susceptibility to root-knot is measured by 
reproduction (eggs produced) and not galling (74). Jatala and Russell 
critically examined the nature of sweet potato resistance in 1972.
From their experiments they based resistance on 1) the production of 
nematode repellent exudates which would preclude or reduce larval
contact with the root, 2) failure of larvae to penetrate the plant,
3) inability of larvae to establish a nutritive relationship with the 
plant due to hypersensitive plant reaction or nutrient deficiency, and
4) post-infection production of inhibitory chemicals (66).
Influence of temperature. Environmental conditions such as 
temperature in which sweet potatoes are grown have been shown to 
influence the rate of nematode development and the number of nematodes 
that reach maturity in the sweet potato roots. Root penetration by M. 
incognita juveniles is increased with higher temperatues. Jatala and 
Russell (31) reported that normally larval penetration is 
significantly higher in the susceptible 'Allgold' than the resistant 
'Nemagold'. When these cultivars were grown in temperatures of 24°, 
28°, and 32°C larval penetration was increased, rate of development 
from larvae to adult increased, and a higher proportion of nematodes 
reached maturity in resistant 'Nemagold' roots at higher temperatures 
when compared to the lower temperatures. Meloidogyne incognita 
development was suppressed in the resistant 'Tinian', 'Heartogold', 
and 'Nemagold' and susceptible 'Allgold' sweet potatoes at 20-24°C 
(30). The higher temperature of 28-32°C was optimum for nematode 
development in the resistant 'Nemagold' and 'Heartogold'. The 28-32°C 
temperature also suppressed the development on 'Allgold' and 'Tinian'. 
Okamoto and Mitsui (63) reported that the pathogenecity of three M. 
incognita populations increased with increasing temperature.
Population studies. Kondo (1957) studied the seasonal 
fluctuation of the population density of Meloidogyne incognita acrita 
Chitwood, in sweet potato fields at Anakami, Chiba Prefecture, Japan
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(34). In the winter months few larvae were extracted from the soil.
Early in May before sweet potatoes were planted the numbers of larvae 
began to increase. After the sweet potatoes were planted the 
population again decreased. The largest population occurred near the 
last part of August and early September. As the temperatures dropped 
in autumn the number of larvae extracted from the soil decreased. In 
1972 Kondo followed the population development in the resistant 'Norin 
No. 5' and susceptible 'Kante No. 14' sweet potatoes. Few larvae were 
counted from the resistant pots. The highest counts occurred during 
July to August with a rapid decline from September to December (35).
Ferris suggested that an economic threshold should be established 
which would indicate what population levels are necessary to justify 
artificial control measures. On a sandy soil 5 larvae per 1000 grams 
of soil and 30 larvae per 1000 grams of soil for a loam soil was 
established (20). Gapasin and Valdez (22) varied initial population 
densities of 1, 1000, 5000, 10,000 and 20,000 eggs per pot of soil and 
showed as populations were increased there was a decrease in root, 
fleshy roots, and top weights. They found that the initial population 
of 20,000 eggs produced a 47.7 percent root reduction. Satar and 
Phills (67) found that resistance did not reduce the population 
density but the rate of increase was much slower. In nematode 
infested soils ’Jewel1 was more vigorous and higher yielding than 
'Centennial'.
Variation of M. incognita on sweet potatoes. The problem of 
variation among populations of root-knot nematodes, Meloidogyne spp. 
is not new. It was probably first described by Steiner in 1925 (71).
uMembers of the genus Meloidogyne exhibited so much variation that 
Chitwood reorganized the group into four species (M. incognita, M. 
javanica, M. hapla, and M. arenaria) and 1 sub species, M. incognita 
acrita, in 1949 (6). However, Martin (42, 43) demonstrated that races 
exist in M. incognita and M. incognita acrita. Different isolates of 
the same species were found not to reproduce in the Deltapine 15 
variety of cotton. In 1960 Triantaphyllou and Sasser (77) suggested 
that M. incognita and M. incognita acrita be considered one species, 
Meloidogyne incognita. However, the M. incognita group still 
exhibited a wide range of variation on various species of plants. 
Taylor and Sasser (74) after examining 150 populations of M. incognita 
suggested they should be separated into four races based on their 
repsonse to specific host plants.
Variation in the pathogenicity of populations of root-knot 
nematodes on sweet potatoes has been recognized (12, 14, 48). Races 
of M. incognita and M. incognita acrita have been found which vary in 
their pathogenicity to resistant sweet potatoes (48, 62, 73).
Giamalva (23, 24, 26) found a population of M. incognita that was 
virulent to the resistant sweet potato cultivar 'Heartogold'. Martin 
and Birchfield (48) found a population of M. incognita that failed to 
develop on the susceptible 'Centennial'. Later a population of M. 
incognita was found to be severely pathogenic to a resistant breeding 
line L4-73 (48). Dooley (14), working with populations of M. 
incognita from several Oklahoma locations, obtained evidence that 
physiological specialization of the nematode is expressed on different 
sweet potato lines. Davide and Struble (12) studying five field 
isolates which reproduced on the resistant 'Nemagold', found two
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isolates to be more pathogenic than the other three. They suggested 
that field populations of M. incognita may be composed of a number of 
physiological races and that they could select a more virulent 
population of M. incognita (12). Virulence of the two isolates could 
be increased by sub-culturing on the resistant 'Nemagold' sweet 
potato. Nishezawa increased the virulence of a population of M. 
incognita by growing the resistant plant in the presence of the 
nematode continuously for 10 years (58).
With the evidence of physiological specialization of populations 
of M. incognita, some of the more aggressive populations are being 
included in sweet potato breeding programs (16).
Control of root-knot nematodes in sweet potatoes. Early control 
practices for root-knot nematodes on sweet potatoes were cultural.
Poole (65) noted that the continuous planting of sweet potatoes in 
Norfolk, Durham, and Marlboro soil resulted in heavy losses of sweet 
potatoes to Heterodera radicola (^Meloidogyne incognita) . He 
suggested rotation would help reduce the number of nematodes that 
serve as inoculum for the next crop. Kushman and Machmer (40) were 
able to keep root-knot populations to a minimum by rotating other 
crops with sweet potatoes. Christie (8) stated that rotations which 
include resistant plants could be an effective measure in reducing the 
damage caused by many nematodes.
Burk and Tennyson (5) immersed the seed roots of 'Porto Rico', 
and 'Nancy Hall' in hot water to control root-knot nematodes. Their 
treatments eliminated the nematode but lowered plant production. It 
was found that immersing roots in water at 49°C for 65 minutes
13
eliminated the nematode without a reduction in plant production. 
Temperature above 49°C resulted in a rotting of the seed root.
Nielsen (54) placed seed roots in hot water at 16, 49, 52, and 54.5°C. 
Complete eradication of M. incognita was not obtained in all tests 
and plant injury was noted at the higher temperatures. Chiu (7) 
suggested hot water treatments of infected plants may be effective in 
controlling Meloidogyne spp. in sweet potatoes. Nielsen and Phillips 
(55) used hot water baths at 47°C to eradicate nematodes from roots in 
tests to show how root-knot is transmitted to the field by way of 
infected bedding roots and infected sprouts.
Dry heat was used to control root-knot nematodes in 'Velvet' 
sweet potatoes by Thomason, Van Gundy and McKinney (76). Subjecting 
the roots to a temperature of 45°C for a minimum of 24 hours resulted 
in complete control of the nematodes. This temperature did not affect 
the production of slips (plants produced from the bedded roots) in 
that 68 percent of the treated roots produced slips. Martin 
eliminated root-knot nematode by placing 2 to 3 inch diameter sweet 
potatoes in hot air ovens set at 50°C for 4 to 8 hours (44, 45).
Welch (81) found that treating the seed roots at temperatures of 16°C 
- 38°C for six to eight hours, then at 42°C for 24 hours killed the 
eggs and larvae within the roots. Temperatures above 46°C resulted in 
a high percentage of the root rotting before slips were produced.
The use of chemicals for control of root-knot nematodes has been 
examined more extensively than other control methods. Early reports 
on treating nematodes with a chemical nematicide are from Mullin (52). 
Mullin treated nematode infested soil with D-D (1,3-dichloropropene; 
1-2-dichloropropane) then planted 'Porto Rico' sweet potatoes. Only
15 percent of the roots were cracked in the treated area whereas 51 
percent of the roots cracked in the non-treated soil. Later Mullin 
eliminated cracked roots by planting sweet potatoes in soil sterilized 
for nematode control (53) . Nielsen and Sasser (56) examined the use 
of vermiculite as a carrier for Dowfume W-85 (1,2-dibromoethane) and 
D-D. They found that treated plots resulted in greater yields. The 
vermiculite tended to increase the nematicide toxicity due to the 
slower rate of release of the chemical into the soil system 
(57). This effect was observed by other researchers (38, 39, 49). 
Thomason and McKinney (75) observed the largest increase in production 
of U.S. No. 1 roots from soil treated with DBCP (1,2-dibromo-3-chloro- 
propane).
Once the importance of nematicides had been recognized in 
controlling nematodes on sweet potatoes many studies were initiated to 
evaluate the nematicidal activity of various chemicals (1, 2, 3, 32, 
47, 70, 72). Benefits from the chemicals included increased yields, 
fewer cracks, and also better roots for processing due to fewer dark 
spots under the skin which were a result of nematode infection (32). 
Another benefit from the nematicides was insect control (32). 
Presently, control of root-knot nematode is accomplished by a 
combination of several methods. Martin (44) suggested several phases 
of control. The mother root phase, the seed bed phase, and the field 
phase. Each phase included a combination of cultural and chemical 
practices for growing sweet potatoes free from nematodes.
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I. THE INFLUENCE OF POPULATION DENSITIES OF MELOIDOGYNE INCOGNITA ON 
RESISTANT AN SUSCEPTIBLE SWEET POTATO CULTIVARS.
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ABSTRACT
The effect of population densities of Meloidogyne incognita (MI) 
were studied on the sweet potato cultivar 'Centennial' (susceptible) 
and 'Jasper' (intermediate-resistant). Field plots were artificially 
infested with initial levels (Pi) of 0, 10, 100, 1000, 5000 and 10000 
eggs and juveniles/500 cm3 soil in 1980 and 0, 100, 1000, 2000, 3000, 
4000 and 5000 eggs and juveniles/500 cm3 in 1981. M. incognita 
population development trends, studied at monthly intervals, were 
similar on both cultivars; however, egg and juvenile counts were 
higher on 'Centennial' than on 'Jasper' at high Pi levels. The 
highest Pi levels did not yield the highest mid-season (Pm) counts. 
Initial Pi levels had similar effects on the growth and development of 
'Centennial' and 'Jasper' sweet potatoes. Pi level was negatively 
correlated with the number of marketable roots and root weight, but 
positively correlated with total cracked roots, percent cracked roots 
and cracking severity ratings. 'Jasper' was able to tolerate 
significantly higher Pi levels with better yields and root quality 
than 'Centennial'. Cracking of the fleshy root was apparent on both 
cultivars at low Pi levels.
Key Words: Ipomoea batatas, root knot nematode, population densities,
cracking, resistance.
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INTRODUCTION
The southern root-knot nematode, Meloidogyne incognita (Kofoid 
and White) Chitwood, is one of the major pests in limiting the 
production of sweet potatoes (Ipomoea batatas (L) Lam)• Infection by 
M. incognita may result in a reduction of yield and a decrease in the 
quality of the sweet potato fleshy root (16). Symptoms incurred from 
M. incognita injury include cracking of the fleshy root with necrotic 
tissue surrounding the cracks. The fleshy root may also have numerous 
infection sites on the surface which may appear as raised 
protuberances (30). Inside the fleshy roots mature females may be 
found below the skin 1 cm to 3 cm deep surrounded by a dark layer of 
host tissue (8, 23).
Control practices for M. incognita include the use of resistant 
sweet potato varieties in combination with nematicides. Cultivar 
differences in resistance and susceptibility to the root-knot nematode 
have been known since 1925 (6). Sweet potato breeding programs have 
produced varieties which exhibit varying degrees of resistance to M. 
incognita. As of 1978 there were 14 resistant sweet potato cultivars 
recorded (33).
The objectives of this study were to 1) describe the effect of a 
susceptible cultivar,'Centennial', and an intermediate-resistant 
cultivar, 'Jasper', on population development of M. incognita,
2) determine the population density that would reduce the yield and 
quality of Centennial and Jasper sweet potato, 3) obtain a 
quantitative estimate of the usefulness of resistance in current
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commercial cultivars, and 4) determine whether it is necessary to 
augment resistance for adequate root knot control. An abstract of 
this work has been published (19).
MATERIALS AND METHODS
Experiments were conducted on an Olivier silt loam soil at the 
Burden Research Plantation in Baton Rouge, Louisiana.
Field plots were fumigated with 134 kg/ha of Terr-O-Gas 67 (67% 
methyl bromide, 31.8% chloropicrin) injected 20 cm deep using a single 
chisel applicator. Rows were then covered with 1.5 mil black 
polyethylene plastic. Plastic covers were removed 10 days prior to 
planting. Ethoprop (6 EC) was applied between rows at a rate of 
7.0 kg ai/ha in 1980.
A population of race 1 of Meloidogyne incognita (33) was 
increased by extracting eggs from galled tomatoes (Lycopersicon 
esculentum Mill. cv. Rutgers) 45 days after inoculation. The tomato 
roots were agitated in 0.525% sodium hypochlorite for 4 minutes and 
collected on a 24 ym sieve (12). Ten thousand M. incognita eggs were 
then pipetted around the roots of 50, 23-day-old 'Rutgers' tomato 
seedlings in 15 cm pots growing in a sand soil mix (1:1 v/v). Plants 
were allowed to grow for 45 days in the greenhouse.
Inoculum for the infestation of the field plots was prepared by 
combining the soil from the 50 inoculated 'Rutgers' tomatoes. The 
infected root systems were fragmented and mixed with the soil.
Samples were obtained to estimate the total number of eggs and 
juveniles in the soil. Soil from non-inoculated 'Rutgers' tomatoes 
was used to dilute the soil aliquots containing the eggs and juveniles 
to insure that a uniform amount of soil was added to each field plot.
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Field plots were infested by distributing initial populations 
(Pi) of 0, 10, 100, 1000, 5000, or 10000 eggs and juveniles in 1980 
and 0, 100, 1000, 2000, 3000, 4000, or 5000 eggs and juveniles in 1981 
along a wide furrow made in the rows. Each Pi level was estimated per 
500 cm3 in the upper 30 cm of soil assuming the bed dimensions below. 
The beds were reformed and immediately planted with terminal vine 
cuttings of Ipomoea batatas (L) Lam. cv. Centennial or cv. Jasper. 
'Centennial' was rated as susceptible and 'Jasper' intermediate to 
resistant to this M. incognita population in previous greenhouse tests 
(11, 24). The plots were planted on June 5, 1980 and May 22, 1981.
The experimental design was a randomized complete block with 5 
replications in 1980 and 4 replications in 1981. Plots were 191 cm 
long and planted with 5 terminal vine cuttings 43 cm apart in 1980.
In 1981 plots were 177 cm long with 5 terminal vine cuttings 31 cm 
apart. Each plot consisted of one row of sweet potatoes. In all 
cases sweet potatoes were grown on ridges 30 cm high and 61 cm wide 
with 122 cm row spacings. Border rows and 122 cm planted alleys were 
used between each plot each year.
Soil samples were collected from each plot every 30 days to study 
the population development of M. incognita. A soil core 2 x 20 cm 
deep was collected from five areas in each plot. Cores from each plot 
were thoroughly mixed and a 250 cm3 sub-sample collected. Nematodes 
were extracted for 5 minutes using a semi-automatic elutriator. The 
nematodes, separated from the soil by aerated water, passed through a 
425 ym sieve into a sample splitter where 1/5 of the sample was 
collected on a 38 ym sieve. The 38 ym sieve fraction was further 
processed by centrifugal flotation (sucrose sp. gr. 1.18) (13). Root
fragments collected on the 425 ym sieve were processed with 0.525% 
sodium hypochlorite for 10 minutes (2, 4). The eggs obtained were 
then further processed by centrifugal flotation for an estimation of 
egg production (2, 4, 13).
Plots were harvested on October 10, 1980 and September 24, 1981. 
Fresh weights and total marketable roots were recorded. Each 
marketable root was rated for cracking severity on a scale of 0-4 
(0 - no cracks, 1 - trace, 2 - slight cracking, 3 - moderate cracking, 
and 4 - severe cracking).
All tests were analyzed as factorial experiments with six levels 
of treatment in 1980, seven levels of treatment in 1981, with two 
cultivars. Population development analyses were performed at each 
sample date with emphasis on mid-season egg and larval counts 63 days 
after initial soil infestation in 1980 and 76 days after initial soil 
infestation in 1981.
RESULTS
Field Test 1980. Meloidogyne incognita population development 
trends were similar on both 'Centennial' and 'Jasper' sweet potatoes. 
Overall nematode reproduction (egg and juvenile counts) was higher on 
'Centennial' than on 'Jasper' (Fig. 1). After initial soil 
infestation in June the populations (egg and juvenile counts) 
recovered 30 days later were low for both cultivars. Only a few 
juveniles and no eggs were recovered. Populations were higher at 62 
day samples when all treatments reached their maximum population 
levels with the exception of Pi 1000 and Pi 10,000 on 'Centennial'. 
There were no significant differences between egg and juvenile counts 
among Pi levels on 'Jasper'. From 'Centennial' eggs and juvenile 
counts at Pi 5000 and 10,000 were significantly greater than Pi 0. 
Recovery counts from Pi 5000 on 'Centennial' were significantly 
greater than counts obtained from any Pi levels on 'Jasper'.
All population levels were lower 88 days after planting with the 
exception of Pi 10,000 and Pi 1000 on 'Centennial', which had 
increased. Populations obtained from Pi 5000 on 'Jasper' were 
significantly greater than Pi 0. The Pi 1000, 5000, and 10,000 on 
Centennial were significantly greater than Pi 0. Populations from Pi 
1000, 5000 and 10,000 were significantly greater on 'Centennial' 
compared with the same Pi densities on 'Jasper'.
Population levels continued to decline as indicated by the 118 
day counts. There were no significant difference between Pi levels
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from either cultivar. By 153 days after planting, eggs and juveniles 
were almost undetectable for all Pi levels. All Pi levels remained 
low through January, at which time sampling was terminated.
Pi level was negatively correlated with the weight of the 
marketable fleshy root, all grades combined, for both the susceptible 
'Centennial' and the intermediate-resistant 'Jasper' sweet potatoes 
(Fig. 2). Initial population densities of Pi 10-100 severely affected 
the weight of the marketable roots of 'Centennial' sweet potatoes. 
Significantly lower weights were recorded at Pi 1000 and above then Pi 
0. 'Jasper' showed little reduction in marketable root weights until 
Pi 1000. However, weight was not significantly reduced by the 
increasing Pi levels. At Pi 10,000, weight of marketable roots was 
greater than Pi 5000 in 'Centennial' and 'Jasper'. Regression 
analysis of the weight of marketable roots were Y = 5350 - .199 (x)
(r = -.4931, P = 0.01) and Y = 3225 - .0631 (x) (r = -.1982) for 
'Centennial' and 'Jasper', respectively.
Trends were similar for both 'Centennial' and 'Jasper' for the
number of marketable roots produced (Fig. 3). An increase over Pi 0
was observed at Pi 10-100. Fewer roots were recovered at Pi 1000 and
5000. 'Centennial' produced significantly fewer roots at Pi 1000 when
compared with Pi 0; however, there were no significant differences
between Pi levels and the number of roots produced by 'Jasper'. More
roots were produced by both 'Centennial' and 'Jasper' at Pi 10,000
than at Pi 5,000. There were no significant differences in the number
of marketable roots produced from corresponding Pi levels between
'Centennial' and 'Jasper'. The number of roots produced was
A
negatively correlated with Pi levels where Y = 18.8 - .0007 (x) (r =
31
-.4854, P = 0.01) and Y = 19.3 - .0002 (x) (r = - .1246,) for 
'Centennial' and 'Jasper', respectively.
Pi level was positively correlated with the number of cracked 
roots, the percent cracked roots, and severity rating of cracking.
Although the number of cracked roots increased at Pi 10 for both 
cultivars, differences in the number of cracked roots between 
corresponding Pi levels of 'Centennial' and 'Jasper' were not 
significant, except that there were significantly more cracked roots 
in 'Centennial' at Pi 10,000 than at Pi 0. Regression analysis of the 
number of cracked roots were Y = 4.00 + .0005 (X) (r = .4972,
P = 0.01) and Y = 4.61 + .0004 (X) (r = .5416, P = 0.01) for 
'Centennial' and 'Jasper', respectively. The percent of roots with 
cracks increased at Pi 10 for both cultivars (Fig. 5). A 
significantly higher percent of cracked roots were recorded at Pi 100,
1000, 5000, and 10000, and 5000, and 10000 compared to Pi 0 for 
'Centennial' and 'Jasper', respectively. Significantly more cracked 
roots were recorded at Pi 10,000 for 'Centennial' when compared with 
the intermediate-resistant 'Jasper'. Percent cracked roots was
A
positively correlated with Pi levels where Y = 23.62 + .0043 (x) (r =
.6938, P = 0.01) and Y = 25.73 + .0022 (x) (r = .5340, P = 0.01) for
'Centennial' and 'Jasper', respectively. Severity ratings of the 
cracked roots were significantly greater than Pi 0 at Pi 1000 for 
'Centennial' and Pi 5000 for 'Jasper' (Fig. 6). Severity rating was
A
positively correlated with Pi levels where Y = 11.48 + .003 (x) r =
.652, P = 0.01) and Y = 10.83 + .002 (x) (r = .5613, P = 0.01) for
'Centennial' and 'Jasper' respectively.
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Field Test 1981. As in the previous year's test M. incognita 
population development trends were similar for both 'Centennial' and 
'Jasper' sweet potatoes. Overall reproduction (egg and juvenile 
counts) was greater on the susceptible 'Centennial' than on the 
intermediate-resistant 'Jasper' (Fig. 7). Few eggs or juveniles were 
detected from the 5 or 23 day samples at any Pi level. Populations 
were at maximum levels at 53 days in all treatments. Pi 4000 and 3000 
produced the highest total counts on 'Centennial' and 'Jasper', 
respectively. Populations recovered from Pi 3000, 4000 and 5000 on 
'Centennial' were significantly greater than Pi 0. No significant 
differences were found between populations among Pi levels on 
'Jasper'. The populations recovered from Pi 3000 and 4000 were 
significantly higher on 'Centennial' than 'Jasper*.
At 83 days, egg and juvenile counts were much lower than at 53 
days. The highest levels on both cultivars were at Pi 4000. The 
proportion of eggs was lower than in 1980, the juveniles representing 
the majority of the surviving population. Pi 1000, 3000, 4000 and 
5000 on 'Centennial' produced significantly larger populations 
compared to Pi 0. Populations on 'Jasper' were significantly larger 
at Pi 3000 and 4000 than at Pi 0. The populations recorded from Pi 
1000 and 5000 were significantly larger on 'Centennial' than on 
Jasper'. Populations recovered were lower at 115 days. Pi 1000,
2000, 3000 and 5000 were significantly higher on 'Centennial' than 
'Jasper'. All Pi levels were significantly greater than Pi 0 on 
'Centennial'. Pi levels 1000, 3000, and 4000 were significant on 
'Jasper'. At 145 days juvenile populations were near the threshold of 
detection at which time sampling was terminated.
Pi levels were negatively correlated with the weight of the 
marketable yield from both 'Centennial' and 'Jasper' sweet potatoes in 
1981 (Fig. 8). Pi levels of 100-1000 reduced the total weight of 
'Centennial' sweet potatoes. 'Jasper' showed little reduction in 
total weight below Pi 2000. Regression analysis for the total 
marketable root weights, all grades combined, and Pi levels were Y = 
4283 - .2087 (x) (r = -.3126) and Y = 4619 - .3099 (x) (r - 5120, P = 
0.01) for 'Centennial' and 'Jasper', respectively.
The number of roots produced were similar for 'Centennial' and 
'Jasper' (Fig. 9). Significantly fewer 'Centennial' roots were 
produced at Pi 100 and above with the exception at Pi 2000. There 
were no significant differences in the number of roots produced 
among Pi levels on 'Jasper'. The number of roots produced were
A
negatively correlated with Pi levels where Y = 34.72 - .0028 (x) (r = 
-.4718, P = 0.01) and Y = 31.44 - .0014 (x) (r = -.4012, P = 0.05) for 
'Centennial' and 'Jasper', respectively.
The number of cracked roots and severity ratings for cracking 
were not recorded in 1981 due to low incidence of cracking. However, 
when 2 mm slices of these roots were examined, numerous mature females 
(females and egg masses) were found to be embedded below the 
epidermis. These mature females were surrounded by necrotic cells. A 
trend in the number of females recovered increased with Pi levels for 
the 'Centennial' sweet potato (Fig 10). In 'Jasper' only a slight 
increase in the number of mature females was recorded as the Pi levels 
increased.
When comparing the common Pi levels from the 1980 and 1981 test a 
two way interaction between Pi levels and year as well as between Pi
levels and cultivar was significant at the P = 0.05 level. The 
difference between growing seasons had an effect on the total number 
of nematodes that developed on each variety. Population development 
trends of the nematodes were similar between the two years; however, 
the interaction suggests that the total number of eggs and juveniles 
that developed were related to the growing conditions in which the 
sweet potato developed. This relation could be directly correlated to 
the amount of root growth exhibited by 'Centennial' and 'Jasper' 
between the two growing seasons. Root growth, expressed as yield, was 
highly significant (P = 0.01) for the year x cultivar interaction.
DISCUSSION
Although the growth and development of M. incognita was similar 
on 'Centennial' and 'Jasper', 'Centennial' allowed more M. incognita 
juveniles to reach maturity than 'Jasper'. Fewer eggs and juveniles 
were recovered on 'Jasper'. At the lower Pi levels both cultivars 
allowed approximately the same number of nematodes to develop, but as 
the Pi levels increased 'Centennial' allowed a higher portion of the 
juveniles to mature, which produced high mid-season (Pm) counts. When 
Pi was increased above a certain Pi level or saturation point 'Jasper' 
did not allow the juveniles to increase to high mid-season (Pm) 
counts. The highest Pi levels (5,000-10,000), did not produce the 
highest egg and juvenile counts during the growing season.
The intermediate-resistant 'Jasper' was able to tolerate 
significantly higher Pi levels of M. incognita with better yields and 
root quality than 'Centennial'; however, the yield of both cultivars 
was reduced at the higher Pi levels. It was demonstrated that the 
quality of the sweet potatoes of both cultivars could be reduced due 
to cracking at low Pi levels. The roots produced from 'Jasper' 
suffered fewer cracks than those from the susceptible 'Centennial'.
Pi levels were negatively correlated with the number and weight 
of marketable roots and positively correlated with severity ratings, 
total cracked roots, and percent cracked roots.
Temporal variations in nematode counts are related not only to 
the nematode life cycle but also to the stage of sweet potato root 
development. Soil samples to study population development taken 30 
days after planting (1980) and 5 and 23 days after planting (1981)
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yielded few nematodes. This may indicate that most juveniles had 
entered the newly developing sweet potato fibrous roots but had not 
yet matured. Extraction techniques recovered juveniles that may have 
recently hatched and had not entered the roots, or juveniles from the 
initial soil infestation which had not penetrated (18, 39).
Populations recovered 62 days after planting in 1980, and 53 days 
after planting in 1981, produced the highest egg and juvenile counts. 
In a separate test, M. incognita generation time in 'Centennial' and 
'Jasper' sweet potatoes had been determined to be 31 days (20). 
Therefore, the initial inoculum had completed one to two life cycles 
(females mature and laying eggs). 'Centennial.' and 'Jasper' were in 
the initial phase of growth consisting of a rapid growth of the 
fibrous root system. This period on the Porto Rico cultivar lasts 
approximately 67 days (6). Therefore, when these high egg and 
juvenile counts were obtained the sweet potatoes were producing the 
greatest amount of fibrous roots.
There was a decline in egg and juvenile recovery for the majority 
of the Pi levels 88 days after planting, in 1980, and 83 days after 
planting, in 1981. Eggs and juveniles recovered at these sample 
periods were from the second generation M. incognita females 
completing their life cycle and beginning to lay eggs and late 
maturing females from the original inoculum. These declining egg and 
juvenile counts correspond with the second phase of sweet potato 
growth consisting of a decline in the rate of fibrous root 
development, increased vine growth, and the initial development of the 
fleshy roots. This intermediate period of growth continues for 
approximately 44 days (6). With the reduction of penetration sites
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available at this time due to the slow fibrous root growth more 
juveniles and fewer eggs were recovered. Kondo observed a similar 
decline of recoverable nematodes in sweet potato fields in Japan (17).
Populations continued to decline on both cultivars 118 days after 
planting, in 1980, and 115 days after planting, in 1981. Low numbers 
of recoverable eggs and juveniles corresponds to the third stage of 
sweet potato growth consisting of the rapid development of the fleshy 
roots. This phase occurs approximately 111 days after planting (6).
At this phase of growth there were fewer sites for penetration by the 
juvenile nematodes. Lateral roots on the fleshy roots probably 
supplied the M. incognita juveniles with points of infection.
Krusberg and Nielsen observed that a great majority of nematodes found 
in enlarging roots were associated with the lateral roots (16).
Samples taken after harvest recovered only the overwintering juveniles 
remaining in the soil because roots and egg masses were too decomposed 
to be retained in the extraction procedure.
The highest Pi level, 10,000 in 1980 and 5000 in 1981, produced 
lower nematode counts, more roots, and higher yields than the next 
lowest Pi level. This may be due to the self limiting effect that is 
exhibited by many of the root-knot nematodes (5, 36, 37). It is 
possible that initial population densities as high as 10,000 per 
500 cm3 caused significant intraspecific competition for the available 
feeding sites and food supply. Additionally, many of the larvae from 
the initial population may have developed into males after they 
entered the roots and established a parasitic relationship. Thus 
subsequent generations were reduced and the plants were exposed to 
less nematode stress than at moderate Pi levels. Tyler (38) observed
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that males are more abundant under adverse conditions for development 
and suggested that a food supply is an important factor.
Triantaphyllou states that intraspecific competition of a species and 
damage to plants induce a stress which converts female larvae into 
males (5, 36). If this is the case the change is determined before 
the 15th day after penetration, although in one species of Meloidogyne 
the reversion takes place later and may give rise to true intersexes, 
males with vulvas (34, 35, 36). Some of the males recovered in this 
study were less than half the length of the males described by 
Chitwood (3), but were not examined for vulvas.
At low Pi levels an increase in the number of roots recovered was 
recorded in 1980. This stimulation effect is not uncommon with low 
nematode densities (40). Root proliferation is a common feature of 
many nematode infections and may indicate that the plant is responding 
to root destruction by regeneration of new roots (41). This is 
evident in this test in that both 'Centennial' and 'Jasper' produced 
an increase of the U.S. Grade 'canner' at these low Pi levels. In 
1981 the low Pi level did not seem to produce the stimulation in the 
number of roots produced in the previous year.
Cracking in the sweet potato fleshy root has been associated with 
a number of factors: i) mineral nutrition especially boron (27, 33)
ii) high soil applications of nitrogen or lime (21, 28, 29)
iii) environmental growth conditions such as prolonged dry periods 
followed by heavy rainfall or any factor that would contribute to 
unbalanced growth producing "growth cracks" (29, 32) and iv) cultural 
practices (32). Elliot first associated nematodes with cracking in 
sweet potatoes in 1918 (8), and others have confirmed that root-knot
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nematodes are involved in cracking of the sweet potato fleshy root and 
that the incidence of cracking can be reduced by treating the soil 
with a nematicide or other sterilization techniques to control the 
nematodes (15, 16, 25, 26, 27, 32, 42).
Growth cracking has been considered a consistent factor in sweet 
potatoes (7). It was conjectured that as the sweet potato fleshy root 
develops, pressure is exerted by the enlarging vascular cylinder on 
inactive outer tissue. This is common in all sweet potato cultivars; 
however, some cultivars are more susceptible to cracking than other 
cultivars.
Rainfall in 1980 occurred in scattered intervals with many dry 
days. This sporadic rainfall resulted in periods in which fleshy root 
development occurred at a faster rate (29). Roots developing at this 
fast sporadic rate disrupted by the presence of the nematode is 
responsible for the presence of a large number of cracked roots. In 
1981 the rainfall over the growing season was more uniform, and the 
sweet potatoes grew at a more uniform rate. Although the nematodes 
were present inside the fleshy root, the sweet potatoes were not 
cracked. This suggests that M. incognita is a predisposing factor to 
growth cracking in sweet potatoes.
Several layers of necrotic cells were observed around the females 
in the fleshy root slices. These cells, according to Krusburg and 
Nielsen (16), give a positive reaction to suberin, which is 
characteristic of cork tissue. Thus, the females and eggs are 
enveloped in a protective capsule. A similar phenomenon occurs in 
Irish potatoes in which the protective cells are referred to as a 
’basket’ (10). These cells are not susceptible to dissolution by
pectinase and the eggs are not released until they are broken down by 
external forces (10). This may be the same in sweet potatoes. Cull 
roots left in the field may contain these protective capsules of eggs, 
and thus serve as an especially efficient overwintering mechanism. It 
has been demonstrated by other researchers that the mature females in 
the seed roots serve as a means of transmitting the nematodes to the 
plant bed (22, 43).
Nematode density thresholds for various sweet potato cultivars 
should be known to help decide what control practices should be 
employed. The Pi level that could be considered the damage threshold 
level for increasing cracking and reducing the quality is around Pi 10 
or at the detection level of the juveniles in the soil. This is 
supported by research which reported a single nematode was found at 
the base of a crack (18). Ferris demonstrated that the economic
threshold for M. incognita on sweet potato was 30 L2/1000 g, on a loam
soil and 5 L2/1000 g on sand (9). If a single crack will reduce the 
quality of the marketable root then other methods should be employed 
to reduce the Pi level of M. incognita. This would include the
planting of a resistant variety and/or the use of a nematicide. It
has been demonstrated that low Pi levels increase cracking on the 
intermediate to resistant 'Jasper' sweet potato. Other research has 
shown that resistant cultivars are able to produce marketable roots 
without cracking in the presence of low populations of root-knot 
nematodes (31). However, it was suggested that preplant fumigation 
should be included.
The use of a resistant cultivar would be beneficial in producing 
higher yields with less cracking than a susceptible cultivar when
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planted in a field infested with M. incognita. However, the use of a 
chemical should be employed to reduce Pi levels below the density that 
would significantly reduce yields and increase cracking in a given 
sweet potato cultivar.
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Figure 1. Population development of Meloidogyne incognita at six 
initial densities (Pi) on 'Centennial' and 'Jasper' sweet 
potatoes (1980). Populations represent eggs and juvenile counts 
on A) 'Centennial', Mi-susceptible and B) 'Jasper',
Mi-intermediate-resistant. Each point on the graph represents
the mean of 5 replications for each Pi level. The bar represents
the standard error of the mean for the 62 day counts.
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II. THE EFFECT OF SELECTED SWEET POTATO CULTIVARS ON THE DEVELOPMENT OF 
THE ROOT-KNOT NEMATODE, MELOIDOGYNE INCOGNITA.
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ABSTRACT
The life cycle of Meloidogyne incognita (MI) was examined on 
sweet potato cultivars ’Centennial' (Mi-susceptible), 'Jasper' 
(Mi-intermediate to resistant), 'Jewel' (Mi-resistant), and the 
breeding line W-51 (Ml-highly resistant). Whole root systems were 
harvested, stained, and examined for the developmental stages of the 
juveniles at 4 day intervals. Varietal resistance did not inhibit the 
initial rate of juvenile development but did reduce the number of 
juveniles that were observed in the various developmental growth 
stages. Resistance did reduce the number of juveniles to reach 
maturity. The root system of 'Centennial' had significantly higher 
numbers of galls, egg masses, and eggs. The breeding line W-51 did not 
allow any juveniles to reach egg laying maturity. Effects of M. 
incognita on the sweet potato plant included a reduction in vegetative 
top growth and a reduction in the number of primary and secondary 
roots.
Key Words: Ipomoea batatas, root-knot nematode, resistance.
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INTRODUCTION
The root-knot nematode, Meloidogyne incognita (Kofoid and White) 
Chitwood is one of the most destructive pests of sweet potatoes, 
Ipomoea batatas (L.) Lam. it reduces both yield and quality of the 
harvested root. With the establishment of a sweet potato breeding 
program in 1937 (15) the development of root-knot resistant cultivars 
became an intricate part of the root-knot control program.
The factors that govern resistance in sweet potatoes consist of 
two types: i) pre-existing factors such as nematode repelling root
exudates which cause failure of the juvenile to penetrate the root 
(19, 28), and ii) induced responses which include plant 
hypersensitivity (6, 7, 14, 19), failure of the juvenile to establish 
a nutritive relationship once inside the plant (19) and the production 
of post infection inhibitory chemicals (19).
It has been shown that root knot nematodes enter certain 
susceptible and resistant sweet potatoes in approximately equal 
numbers (4, 7, 23). The fate of the nematode once it has entered the 
resistant cultivars depends on the plant genotype and the environment 
(32).
The objectives of this study were to 1) describe the rate of 
development of M. incognita in three commercial cultivars and one 
breeding line of sweet potatoes, 2) determine the fate of M. incognita 
in susceptible and resistant sweet potatoes and 3) describe the 
effects of one generation of M. incognita on the developing sweet 
potato plant.
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MATERIALS AND METHODS
The root-knot population [Meloidogyne incognita (Kofoid and 
White)] Chitwood, used in this study was a population used in the 
Louisiana State University sweet potato breeding program. It was 
identified as M. incognita race 1 by use of the North Carolina 
Differential Host Test (30). It was maintained on tomatoes, 
Lycopersicon esculentum Mill. cv. Rutgers.
Inoculum was prepared by extracting M^ incognita eggs from tomato 
roots (45 days after inoculation) with 0.525% sodium hypochlorite for 
4 minutes (18). Eggs recovered were standardized to 2500 eggs/20 ml 
of water then uniformly mixed into 500 cm3 of sand/soil mix (1:1 v/v)
in 11 cm-diam clay pots).
Three sweet potato (Ipomoea batatas (L.) Lam.) cultivars, 
Centennial, susceptible (26), Jasper, intermediate-resistant (16), 
Jewel, resistant (8) and one breeding line, W-51, highly-resistant 
(8), were used. One terminal vine cutting was placed in each 11 cm- 
diameter clay pot. All pots were then placed on the greenhouse bench 
on inverted 11 cm diameter clay saucers.
Plants were harvested at 4- day invervals for 30 days, by shaking 
the plant and soil free from each pot. The soil was gently removed 
from the root systems, collected, and M. incognita juveniles were 
extracted using a semiautomatic elutriator and centrifugal flotation 
(2, 20). The root systems were washed in tap water to remove any 
adhering soil. Roots were processed by staining in a lactophenol acid 
fuchsin solution for 1 minute (31). The roots were rinsed in tap
water then destained in clear lactophenol for 1 minute. The root
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systems were then cut into 6 cm lengths and placed in the inverted top 
of a 90 mm plastic petri plate and the bottom of the petri plate was 
placed on top of the roots to flatten them for viewing. The numbers 
of various M. incognita growth stages as described by Christie (3) 
were recorded using a stereo microscope.
The experimental design consisted of a randomized complete block 
using four sweet potato cultivars. Non-inoculated controls were 
included for each of the cultivars.
RESULTS
Second-stage Meloidogyne incognita juveniles were first observed 
in sweet potato roots eight days after inoculation (Fig. 1). Viriform 
juveniles (Class A) were observed to have entered behind the root cap 
and established a parasitic relationship near the developing vascular 
system as previously described (21, 30). There were no significant 
differences in number of viriform larvae recorded among cultivars; 
however, more juveniles were recorded in 'Jewel* than the susceptible 
'Centennial'. Several fusiform (Class B) juveniles were observed in 
the three cultivars, but none were observed in W-51.
Fusiform juveniles (Class B) were observed in all cultivars 
twelve days after inoculation. Significantly more Class A and Class B 
juveniles as well as juveniles which had completed all molts and had 
begun to take on the shape of a mature female (Class C) were recorded 
in 'Jewel'.
The rate of juvenile development in the resistant 'Jewel' was 
faster than in the other cultivars. At sixteen days post inoculation 
females in 'Jewel' had begun to develop the pyriform shape (Class D) 
characteristic of the Meloidogyne species, while Class D was not 
observed in the other cultivars. The cultivars 'Centennial' and 
'Jewel' had significantly more Class A and Class B juveniles than 
'Jasper' and W-51. 'Jewel' also had significantly more juveniles in 
Class C than the other cultivars. Males were observed coiled inside a 
few of the juvenile cuticles in 'Jasper' and 'Jewel'.
61
By twenty days post-inoculation juveniles were noted to have 
completed all molts (Class D) in approximately equal numbers in the 
three cultivars; however, juveniles in Class D were not observed in 
W-51. The females examined were gravid but no eggs were detected 
outside of the body. The susceptible 'Centennial' had more juveniles 
in each developmental class; however, there were no significant 
differences between the various cultivars and the breeding line.
By 24 days after inoculation mature females had begun to lay 
eggs (Class E ) . 'Centennial' and 'Jewel' had more egg laying females 
than 'Jasper', whereas no egg laying females were detected in W-51.
In developmental Class A 'Jewel' had the highest number of viriform 
juveniles. 'Centennial' and 'Jewel' had significantly more juveniles 
in Class B and C. There were no significant differences among 
cultivars in developmental Stage D.
At 28 days post inoculation the majority of M. incognita found in
the roots were mature egg laying females. W-51 had significantly
fewer egg laying females (0) than 'Centennial' (197), 'Jasper' (70), 
or 'Jewel' (115). There were no significant differences in the number 
of juveniles in development stages A, B, and C among cultivars. In 
Class D 'Centennial' and 'Jewel' had significantly more globose 
females than 'Jasper' or W-51. 'Centennial' roots also had 
significantly more galls on the roots, more egg masses and more eggs 
than the other cultivars.
Mature males could be found in the root tissue of 'Jewel' at a
rate of 16 per gram of root and 'Jasper' at 3 males per gram of root.
Males were not detected in 'Centennial' or W-51.
63
The final population (Pf) of each cultivar and breeding line was 
14,000, 12,000, 4,200 and 0 eggs for ’Centennial', 'Jasper', 'Jewel' 
and W-51, respectively (Table 1). In an earlier test 70,000 and 
17,550 eggs were recovered from 'Centennial' and 'Jasper', 
respectively.
The number of eggs recovered from soil samples decreased at each 
sample date for each cultivar and breeding line (Fig. 2). Juvenile 
counts were found to increase at some sample dates (Fig. 3).
Top growth of each cultivar was similar in the control and 
inoculated. In early sample dates the inoculated plants had more top 
growth than the controls. At later sample dates when more nematodes 
were observed inside the roots, the control plants produced higher top 
weights. In the breeding line W-51 the inoculated plants produced 
higher top weights for the entire test. There were no significant 
differences between top growth of the inoculated or the control plants 
or among cultivars 28 days after inoculation (Table 2).
With the exception of W-51 root growth was lower in the 
inoculated plants than the control. 'Centennial' produced 
significantly more primary roots than 'Jasper' and significantly more 
secondary roots than 'Jasper' and 'Jewel'; however, there were no 
significant differences in total root growth among the cultivars 
(Table 2).
DISCUSSION
The different sweet potato cultivars affected development of 
Meloidogyne incognita in different ways. The life cycle of 
M. incognita in both susceptible and resistant sweet potatoes was 
completed in 24 to 28 days as has been previously reported (23, 25). 
Developmental stages of M. incognita occurred at approximately the 
same time in each of the sweet potato cultivars. However, the 
breeding line, W-51, did not allow the juveniles to reach maturity. 
Host resistance did not affect the rate of nematode development in the 
other three cultivars, but did reduce the numbers of nematodes 
developing to each successive stage in the life cycle. The highly 
resistant breeding line W-51 allowed few second stage juveniles 
to penetrate the roots and less subsequent development of those which 
infected the roots. Significantly more juveniles entered the 
resistant 'Jewel' than the susceptible 'Centennial'. The rate of 
juvenile development was more rapid in 'Jewel' for the first 20 days 
than in 'Centennial'. After the 20 day evaluation there were no 
differences in the rate of juvenile development between 'Jewel' and 
'Centennial'. The proportion of females that reached maturity was 
slightly less when compared with 'Centennial'.
The cultivar 'Jasper' behaved similar to the breeding line W-51 
in that few juveniles entered the root system. The rate of 
development of the juveniles that did enter 'Jasper' was similar to 
the other cultivars. However, fewer juveniles reached maturity as 
compared with 'Centennial' and 'Jewel'.
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The reduction in juveniles entering the roots of W-51 and Jasper 
may be due to root exudates. The inability of the juveniles to reach 
maturity in W-51 may have resulted from the inability of the juveniles 
to establish a nutritive relationship or the production of post 
infection inhibitory chemicals. However, the fact that the juveniles 
began initial molts suggests that the nutritive relationship was 
established. If inhibitory chemicals were produced they may have 
resulted in the death of the juveniles rather than the juveniles 
leaving the roots as has been observed in other resistant sweet potato 
varieties (10). This would explain why the juveniles were found in 
various developmental stages were found but no mature females. The 
greatest proportion of juveniles observed was in the early 
developmental stages supporting the statement that resistance may 
affect the nematode at any stage of its life cycle (32). If the 
juveniles were not dead it is possible that the maturation process of 
the juveniles was delayed due to inhibitory substances.
'Jewel' may have exhibited two types of resistance to nematodes.
The juveniles may have been unable to continue a nutritive 
relationship with the plant due to a hypersensitive plant reaction or 
nutrient deficiency (19). The presence of males in the roots, often 
in necrotic tissue, is characteristic of such a relationship. Males 
were detected 20 days after inoculation with increasing numbers at 
each subsequent sample. Resistance may have also been expressed by 
the production of post-infection inhibitory chemicals (19). This is 
supported by the decline in the rate of development noted after the 20 
day evaluation. Prior to this sample date the number of juveniles in 
each developmental stage was higher than the control. The rate of
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juvenile development was also more rapid. Juveniles were detected in 
the higher development classes and reached maturity earlier. After 20 
days the number of juveniles in each developmental class was less than 
the control.
The type of resistance exhibited by 'Jasper' may occur from the 
production of root exudates in response to initial infection. At the 
8-day sample date a large number of juveniles had penetrated the root 
system, but the number of juveniles that entered the roots by 
subsequent sample dates was relatively low. Although the total number 
of juveniles that reached maturity was lower in ’Jasper’ than either 
’Centennial’ or ’Jewel’, the proportion of developing juveniles that 
reached maturity was higher in ’Jasper’ than the other cultivars. The 
reaction of ’Jasper’ to M. incognita is similar to that reported in 
the resistant ’Nemagold" sweet potato (19).
The number of eggs recovered from soil samples from all cultivars 
continued to decline at each sample date due to the hatching of the 
initial inoculum, which was in various stages of embryonic 
development. This is responsible for the continual recovery of second 
stage juveniles from soil samples. The juveniles continued to enter 
the roots for the duration of the test.
The main effect of M. incognita on the development of the sweet 
potato was a reduction in top and root growth. The reduction in root 
growth was directly related to a reduction of primary and secondary 
roots produced. The increases in root growth of W-51 as well as the 
increase in growth shown by the three cultivars at early sample dates 
is not uncommon in nematode infections (32). Few nematodes had 
entered the root systems and the plant appeared to be either
compensating for the damage by the additional top and root growth or 
the low numbers of M. incognita were stimulatory to the plant.
Although no significant growth reductions were observed from the three 
cultivars after a single M. incognita generation, it has been shown 
that the continual parasitism over a growing season will reduce the 
quality and yield of the sweet potatoes (24).
All three cultivars, 'Centennial', 'Jasper', and 'Jewel', appear 
to be good hosts for M. incognita in that they allowed an increase in 
inoculum from the initial inoculum placed in the soil (32). Although 
an increase in inoculum was apparent, the number of eggs produced 
varied due to the relative susceptibility and resistance exhibited by 
these cultivars. The breeding line W-51 is a poor host for M. 
incognita since the final population was less than the initial 
population placed on the plants (32).
Christie stated in 1946 that before a crop is grown on a nematode 
infested soil two points must be considered; a) the extent to which 
the crop will be damaged and yield reduced, and b) the amount of 
residual soil infestation that will carry over to infect the following 
crop (3). The use of resistance has been shown to increase the yield 
as well as improve quality of sweet potatoes (24). The use of 
resistant sweet potatoes will also result in a reduction in the total 
residual soil infestation depending directly on the degree of 
resistance expressed by the plant.
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Figure 1. Meloidogyne incognita (Mi) developmental stages in 
'Centennial* (C), 'Jasper' (J) , 'Jewel', and L4-73 sweet 
potatoes. Entire root systems of 'Centennial' (Mi-susceptible), 
'Jasper' (Mi-intermediate-resistant), 'Jewel' (Mi-resistant), and 
W—51 (Mi-resistant) were examined and developing Mi stages 
recorded as follows: A) juveniles have begun to enlarge but 
still possess conical tail; B) juveniles have acquired 
hemispherical posterior terminated by a spike; C) females almost
fully grown; D) females fully grown but have not laid eggs; and
E) egg laying females (after Christie, 1946).
Table 1. The number of galls, egg masses, and eggs produced by 
Meloidogyne incognita on sweet potato cultivars 
’Centennial’, 'Jasper', ’Jewel', and the breeding line W-51 
at 28 days after inoculation.
Cultivar
Number per Plant
Root galls Egg masses Eggs
Centennial^
2
98 a 111 a 13900 a
Jasper 33 be 46 ab 4300 be
Jewel 38 b 50 ab 11000 ab
W-51 0 c 0 b 0 c
Cultivar means represent the average of 4 replicates.
2
Column means followed by the same letter are not significantly 
different (P = 0.05) according to Duncan's multiple range test.
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Figure 2. Meloidogyne incognita eggs recovered from 500 cc soil at 8, 
12, 16, 20, 24 and 28 days after the initial inoculation of 
'Centennial', 'Jasper', 'Jewel', and W-51 sweet potatoes. Each 
point on the graph represents the mean of four replications.
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Figure 3. Meloidogyne incognita juveniles recovered from 500 cc of 
soil at 8, 12, 16, 20, 24 and 28 days after the initial 
inoculation of 'Centennial’, 'Jasper', 'Jewel', and W-51 sweet 
potatoes. Each point on the graph represents the mean of four 
replications.
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Table 2. Growth of sweet potato cultivars 'Centennial', 'Jasper', 
'Jewel' and the breeding line W-51 at 28 days after 
inoculation with Meloidogyne incognita.
Cultivar
Total 
Primary 
roots produced
Total 
Secondary 
roots produced
Total root 
weight (g)
Top 
growth (g)
Inoc.^
3
Control Inoc. Control Inoc. Control Inoc. Control
Centennial 435 a 44 a 330 a 446 2.0 2.6 1.6 1.7
Jasper 18 b 19 b 152 b 181 1.0 1.2 1.1 1.1
Jewel 23 ab 25 b 153 b 283 1.1 1.7 1.1 1.4
W-51 33 a 32 ab 263 b 234 1.9 1.1 1.9 1.0
Cultivar means represent the average of 4 replicates.
2
Each plant was inoculated with 2500 M. incognita eggs and juveniles.
3
Control plants were treated with sterile distilled water.
4
Column means followed by the same letter are not significantly 
different (P = 0.05) according to Duncan's multiple range test.
III. IDENTIFICATION, RACE DETERMINATION, AND PATHOGENICITY OF
ROOT-KNOT NEMATODES ON RESISTANT AND SUSCEPTIBLE SWEET POTATO 
CULTIVARS
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ABSTRACT
Thirty root-knot nematode populations common to Louisiana soil 
were identified to species and race. Twenty-nine populations were 
identified as Meloidogyne incognita while one population was 
identified as M. javanica. Sixteen of the M. incognita populations 
were Race 1 (55%), eleven were Race 3 (38%), and two populations were 
identified as Race 4 (7%). The M. incognita population used in the 
Louisiana Sweet Potato Breeding Program (MIS) was compared with the 
other populations for virulence on the sweet potato cultivars 
'Centennial' (Mi-susceptible), 'Jasper' (Mi-intermediate to 
resistant), 'Jewel' (Mi-resistant), and the breeding line L 4-73 
(Mi-resistant). The populations varied in their virulence on the 
sweet potato cultivars. Some populations were more virulent than the 
MIS population while others were less virulent. No trends in 
virulence and specific M. incognita race could be determined. Several 
populations appeared capable of overcoming the resistance exhibited by 
the sweet potato cultivars used in this study.
Key Words: Ipomoea batatas, Meloidogyne incognita.
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INTRODUCTION
The southern root-knot nematode, Meloidigyne incognita (Kofoid 
and White) Chitwood is one of the major pests of sweet potatoes 
(Ipomoea batatas (L.) Lam) in the United States, especially in the 
southern states (22). Symptoms produced by this pathogen include 
cracking of the fleshy root often with necrotic tissue surrounding the 
cracks (8, 19). Losses incurred from this disease include a reduction 
in yield as well as quality of the marketable root.
Meloidogyne incognita and M. incognita acrita have demonstrated 
variability among populations in regard to their pathogenicity to 
sweet potatoes as well as other crops (17, 18, 20). Several reports 
have shown differential responses of sweet potato lines to different 
populations of M. incognita with some populations developing well on 
resistant cultivars (3, 9, 10, 20). Davide and Struble (5) discovered 
two M. incognita isolates that produced more galling on the 
susceptible ’Allgold1 as well as on the resistant 'Nemagold' sweet 
potato. It also was shown that after repeated transfers on the same 
resistant line the nematodes increased in virulence. The existance of 
specialized populations or resistant breaking races capable of 
reproducing in resistant varie:ies and increasing virulence in the 
presence of a resistant variety has complicated the sweet potato 
breeding program (6, 7, 20).
In 1960, Triantaphyllou and Sasser (27) suggested that M. 
incognita and M. incognita acrita be considered one species based on 
variability and the overlapping of characteristics originally used to
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separate the subspecies. To separate the physiological variation that 
exists within the M. incognita group, Taylor and Sasser (26) suggested 
the use of races based on their reaction to specific host plants.
After studying 150 populations Sasser suggested that M. incognita 
could be separated into four races based on their host preference.
The objectives of this study were to 1) determine if populations 
capable of breaking the resistance in sweet potatoes exist in 
Louisiana, 2) identify the races of M. incognita that are common in 
Louisiana soils, 3) determine if the Louisiana populations are more 
virulent on sweet potatoes than the population presently used in the 
Louisiana sweet potato breeding program, and 4) examine differences in 
virulence between races of M. incognita to sweet potatoes.
MATERIALS AND METHODS
The root-knot nematode populations used in this study were 
obtained from soil samples collected in 18 Louisiana parishes 
(Table 1). Soil samples were placed around the roots of 21-day-old 
tomatoes, Lycopersicon esculentum Mill. cv. Rutgers, to allow an 
increase in inoculum. After 45 days each population was identified to 
species and race using the North Carolina Differential Host Test (26). 
Meloidogyne eggs were extracted from the roots of the differential 
host plant and maintained on 'Rutgers' tomatoes for use in later tests
(13).
The three sweet potato cultivars (Ipomoea batatas (L.) Lam.) used 
in this study were 'Centennial', MI susceptible (21), 'Jasper', 
Mi-intermediate-resistant (11), 'Jewel', Mi-resistant (7), and one 
breeding line L4-73, Mi-resistant (7, 20). One terminal vine cutting 
was placed in 11 cm diameter clay pots containing approximately 
500 cm3 of a sand soil mix (1:1 v/v). Inoculum of each Meloidogyne 
population was prepared by extracting the eggs and juveniles from 
'Rutgers' tomato roots 45 days after inoculation. Roots were 
agitated in 0.525% sodium hypochlorite for 4 minutes to free the eggs 
from the gelatinous egg mass (13). Each plant was then inoculated by 
pipetting approximately 9000 eggs and juveniles into four 7.5 mm 
diameter depressions evenly spaced around the terminal vine cutting. 
All pots were then placed on the greenhouse bench on inverted 11 cm 
diameter clay pots to prevent contamination. Plants were allowed to 
grow for 45 days.
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Plants were harvested by shaking the plant and soil free from 
each pot. Soil was collected and Meloidogyne juveniles were extracted 
using a semi-automatic elutriator and centrifugal flotation (sucrose 
sp. gr 1.18) (2, 14). The root system was washed in tap water to 
remove any adhering soil and eggs extracted in 0.525% sodium 
hypochlorite for 10 minutes (1, 4). Eggs obtained were further 
processed by centrifugal flotation for an estimation of egg production
(14).
Each experiment was analyzed as a factorial with 6 levels of 
root-knot populations and 4 cultivars. The M. incognita population 
used at Louisiana State University in the sweet potato 
breeding-evaluation program was included as a standard population in 
each test.
RESULTS
Nintey-seven percent of the populations subjected to the North 
Carolina Differential Host Test were Meloidogyne incognita. The only 
other species found was M. javanica. Sixteen of the 29 M. incognita 
populations were identified as Race 1 (55%), eleven were identified as 
Race 3 (38%) and two of the populations were identified as Race 4 (7%) 
(Table 1).
Comparing the eggs and juveniles produced by the standard MIS 
population on the four sweet potato cultivars revealed that the 
variation among all tests over time was significant (P = 0.01). An 
overall comparison of the 30 root-knot populations on all cultivars 
was not statistically valid. Therefore, each experiment was analyzed 
separately.
Comparisons of the standard MIS (Race 1) population to the other 
29 tested revealed that 20 populations reacted similarly in the final 
population (eggs and juveniles) produced on the susceptible 
'Centennial' sweet potato. Seven populations (four Race 1 and three 
Race 3) produced a larger final population than the MIS. Seven 
populations (four Race 1 and three Race 3) produced a significantly 
lower final population. Two populations La 16 (Race 1), and La 25 
(Race 1) produced a significantly larger final population on 
'Centennial' then the MIS population.
On the intermediate resistant 'Jasper', 23 populations reacted 
similarly to the MIS population. Fourteen populations (eight Race 1 
and six Race 3) produced a larger final population, however,
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differences were not significant. No differences between race and 
virulence could be determined. Four populations produced a 
significantly lower final population than the MIS population.
Population La 13 and La 25 (both Race 1) produced a significantly 
larger final population on 'Jasper' than the MIS population.
On the resistant 'Jewel', 25 of the populations reacted similarly 
to the standard MIS population. Twelve populations (five Race 1, six 
Race 3, and one Race 4) produced a larger final population than MIS, 
however, these differences were not significant. Two populations (M. 
javanica and Race 1) produced a significantly lower final population.
One population, La 25 (Race 1), produced a significantly larger final 
population than MIS on 'Jewel'.
On the resistant breeding line L4-73, nineteen populations 
reacted similarly to the standard MIS population. Eight of the 
populations (four Race 1 and four Race 3) produced a larger final 
population, although, differences were not significant. Eight 
populations (four Race 1, two Race 3, one Race 4, and one M. javanica) 
produced a significantly lower final population than the MIS 
population. Population La 23 and La 25 (both Race 1) produced 
significantly more eggs and juveniles than the MIS population on 
L4-73.
Tables 2-10 present data on the top weight, root weight, and PF 
(eggs and juveniles) extracted from each cultivar for each nematode 
population. Generally, egg production by MIS was greater on the 
susceptible 'Centennial' than on the other cultivars. However, in 
some tests, MIS reproduced as well on the resistant cultivars as on 
'Centennial'. Of the remaining populations 12 (41%) produced more
eggs on 'Centennial' than the other cultivars, 9 (31%) produced 
approximately the same number of eggs on all four cultivars, and 
(28%) produced more eggs on the resistant cultivars than on 
'Centennial'. Effects on root and top weight did not show a 
consistent pattern.
DISCUSSION
Root-knot nematode identification studies revealed that 
Meloidogyne incognita Race 1 and Race 3 predominate in Louisiana 
soils. In greenhouse experiments comparing these populations, we 
found differences among the populations in virulence to resistant and 
susceptible sweet potatoes. Populations within the races varied in 
their virulence on sweet potato cultivars. Some of the populations 
were more virulent than our MIS population while others were less 
virulent. Several of the populations appeared capable of overcoming 
the resistance exhibited by the sweet potato cultivars used in this 
study.
The trends in the percentages of races found in Louisiana 
corresponds with a previously recorded characterization of M. 
incognita races (2). The high percentage of Race 3 populations is 
probably related to the large acreage of cotton in Louisiana.
Extreme variation among the Races in the M. incognita group was 
shown by comparing the virulence of the populations from Louisiana 
samples. No one particular M. incognita race was consistent in 
producing fewer eggs and juveniles (PF) than the MIS population. Only 
one population (La 25) produced consistently more eggs and juveniles 
on all the cultivars. This population originated in Maryland and has 
been described as a resistance breaking race on sweet potatoes (7,
20). Louisiana populations La 13, La 16 and La 23 produced 
significantly more eggs and juveniles than the MIS population. This 
demonstrates that populations exist in Louisiana that are more
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virulent on susceptible as well as resistant sweet potatoes than the 
M. incognita population presently used in the Louisiana State 
University sweet potato evaluation program. Although these 
populations were identified as M. incognita Race 1, further sampling 
and evaluations are needed before Race 1 could be determined more 
virulent than the other races.
Five M. incognita populations were found to be significantly more 
virulent on the resistant cultivars than the susceptible 'Centennial'. 
Population La 15 (M. incognita, Race 1), on 'Jasper' and 'Jewel',
La 19 (M. incognita Race 3) on 'Jewel', La 20 (M. incognita Race 1) on 
'Jewel', La 26 (M. incognita Race 1) on 'Jewel' and population La 29 
(M. incognita Race 4) on 'Jasper' and 'Jewel'. No single race could 
be determined to be more virulent than the other races. These 
populations indicate that populations exist in Louisiana that are 
capable of reproducing on a resistant sweet potato cultivar.
It has been suggested that these resistance-breaking races do not 
occur in large number in the field (26). However, if the cultivar to 
which the population is virulent is grown continuously for several 
years there is the possibility of building large populations of these 
races. Nishiyawa (23) found that the resistant 'Norin No. 2' was 
severely infected with M. incognita when grown in infested soil for 10 
years. Our MIS population although showing no significant variation 
in virulence in single egg mass comparisons in one experiment did show 
potential to increase virulence when successively transferred on the 
resistant 'Jewel'. However, when the test was repeated virulence was 
not increased.
Based on previous experiments reproduction on 'Centennial' was 
significantly greater than on 'Jasper'. This reaction was used as a 
guide for each race comparison experiment. Three race comparison 
experiments resulted in no difference among cultivars to the MIS 
populations. Temperature has been shown to influence the growth and 
dev •’lopment of M. incognita with optimum nematode development at 
28-32°C (15). Jatala and Russell (16) reported that a higher 
proportion of nematodes reached maturity in resistant sweet potatoes 
at higher temperatures when compared to lower temperatures. Okamoto 
and Mitsui found that pathogenicity of 3 populations of M. incognita 
increased with increasing temperatures. It has been suggested that 
the high temperatures alter the resistance mechanisms of the plant, 
thus allowing the nematodes to enter (Birchfield, W . , personal 
communication). Temperature was found to have a significant effect on 
the number of eggs and juveniles produced on resistant cultivars grown 
in environmental growth chambers (Table 11). More reproduction 
occurred at 32°C than at 24°C. The temperature response observed may 
be similar in the race comparison experiments in which the MIS 
population did not produce significantly more eggs and juvenile on 
'Centennial'. Only one experiment resulted in all the populations 
including the MIS population showing no significant response in eggs 
and juveniles produced. Temperature is believed to have influenced 
this test. The average high was 44.5°C. The other two tests in which 
the MIS population was not significant on 'Centennial' did result in 
significant differences among cultivars by the other populations. 
Temperature may not have been the major factor in these two tests.
In conclusion, some Louisiana populations of M. incognita have 
been shown to be more virulent than the Louisiana State University 
sweet potato breeding program's population. Some M. incognita 
populations are selectively virulent on the resistant sweet potato 
cultivars. No differences between races of M. incognita and virulence 
could be determined due to variation in their response to sweet potato 
cultivars. These factors have complicated the sweet potato breeding 
program. Each new sweet potato breeding line should be examined for 
resistance to several M. incognita populations. If evaluations are 
conducted in the greenhouse the temperature should be carefully 
controlled. If the temperature is allowed to fluctuate it has been 
shown to affect the resistance expressed by the cultivars (12, 16).
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Table 1. Origin and race identification of 30 Louisiana populations 
of root-knot nematode.
Population Origin Identification Race
La 1 Caddo3 Meloidogyne incognita 1
La 2 Rapides Meloidogyne incognita 3
La 3 Avoyelles Meloidogyne incognita 1
La 4 Ascension Meloidogyne incognita 3
La 5 St. Landry Meloidogyne incognita 3
La 6 Grant Meloidogyne incognita 3
La 7 St. Landry Meloidogyne incognita 1
La 8 Cameron Meloidogyne j avanica
La 9 Washington Meloidogyne incognita 3
La 10 East Baton Rouge Meloidogyne incognita 4
La 11 East Baton Rouge Meloidogyne incognita 1
La 12 East Baton Rouge Meloidogyne incognita 1
La 13 Tangipahoa Meloidogyne incognita 1
La 14 Tangipahoa Meloidogyne incognita 1
La 15 Franklin Meloidogyne incognita 1
La 16 St. Landry Meloidogyne incognita 1
La 17 Avoyeles Meloidogyne incognita 3
La 18 St. Landry Meloidogyne incognita 1
La 19 Grant Meloidogyne incognita 3
La 20 Vermillion Meloidogyne incognita I
La 21 Ouachita Meloidogyne incognita 1
La 22 Pointe Coupee Meloidogyne incognita 3
La 23 Plaquemines Meloidogyne incognita 1
La 24 Bossier Meloidogyne incognita 3
La 25 Maryland Meloidogyne incognita 1
La 26 Tangipahoa Meloidogyne incognita 1
La 27 Tensas Meloidogyne incognita 3
La 28 Tangipahoa Meloidogyne incognita 3
La 29 Beauregard Meloidogyne incognita 4
MIS St. Landry Meloidogyne incognita 1
Populations were obtained from infected plants and soil samples.
2
Each population was identified by using the North Carolina 
Differential Host Test and perineal pattern examination.
3
Represents the Parish in which the population was found.
Table 2. Experiment 1. Comparison of root-knot populations La 1, La 2, La 3, La 4, La 5 and MIS on the top weight, root
weight, and number of eggs and juveniles (PF) produced In 'Centennial', 'Jasper', 'Jewel', and L4-73 sweet
potatoes.
Populations
Centennial* Jasper Jewel L4-73
Top 
wt (g)
Root 
wt (g) PF4
Top 
wt (g)
Root 
wt (g) PF
Top 
wt (g)
Root 
wt (g) PF
Top 
wt (g)
Root 
wt (g) PF
1 6.5 1.9 b3 3,960 7.4 4.2 5,477 8.3 4.6 537 10.7 4.5 2,060
2 8.0 3.7 a 26,197 9.5 4.6 7,355 8.8 4.2 858 9.8 3.9 1,913
3 7.4 3.1 ab 7,413 9.9 4.5 705 7.8 4.2 3 8.9 3.7 552
4 8.1 2.9 ab 3,363 9.5 4.8 3,105 9.2 5.3 523 9.5 3.9 5
5 7.8 2.9 ab 958 7.7 3.9 2,610 7.9 4.5 6,908 8.9 4.2 7,910
MIS 7.8 3.1 ab 5,380 8.7 3.9 33 8.5 4.6 2,375 8.9 4.3 300
* Each cultivar was Inoculated with 9000 root-knot eggs and juveniles in 12 cm plots.
2
Treatment means are the averages of 4 replications.
3
Column means followed by same letter are not significantly different according to Duncan's multiple range test 
(P - 0.05).
4
PF represents the total number of eggs and juveniles recovered.
Table 3. Experiment 2. Comparison of root-knot populations La 6, La 7, La 8, La 9, La 10 and MIS on the top
weight, root weight and number of eggs and juveniles (PF) produced on 'Centennial', 'Jasper', 'Jewel', and L4-73
sweet potatoes.
Populations
Centennial^ Jasper Jewel L4-73
Top 
wt (g)
Root 
wt (g) PF4
Top 
wt (g)
Root 
wt (g) PF
Top 
wt (g)
Root 
wt (g) PF
Top 
Wt (g)
Root 
wt (g) PF
6 6.0 1.8 116,083 6.8 2.0 12,738 7.5 3.4 29,800 be3 10.4 5.1 a 26,415 b
7 7.8 2.1 41,005 7.1 2.0 31,045 7.6 3.6 26,153 c 8.5 4.1 ab 17,145 b
8 9.7 2.3 31,233 6.4 2.1 4,925 8.9 4.0 23,848 c 9.9 4.2 ab 16,825 b
9 6.3 1.5 60,118 5.7 4.6 91,813 7.7 3.8 57,483 a 10.1 3.7 ab 38,685 ab
10 7.0 1.5 36,723 7.2 2.8 21,678 8.8 5.4 28,188 be 7.7 2.8 b 21,478 b
MIS 5.0 1.2 66,330 5.4 2.3 93,325 7.8 3.0 53,428 ab 7.6 2.8 b 57,560 a
* Each cultivar was inoculated with 9000 root-knot eggs and juveniles in 12 cm plots.
2
Treatment means are the averages of 4 replications.
3
Column means followed by same letter are not significantly different according to Duncan's multiple range test 
(P - 0.05).
4
PF represents the total number of eggs and juveniles recovered.
Table 4. Experiment 3. Comparison of root-knot populations La 11, La 12, La 13, La 14, La 15, and MIS on the top weight,
root weight and number of eggs and juveniles (PF) produced on 'Centennial', 'Jasper', 'Jewel', and L4-73 sweet
potatoes.
Centennial 1 Jasper Jewel L4-73
Populations
Top 
wt (g)
9 Root 
wt (g) PF4
Top 
Wt (g)
Root 
wt (g) PF
Top 
wt (g)
Root 
wt (g) PF
Top 
wt (g)
Root 
wt (g) PF
11 3.9 1.9 78,320
3a 4.1 1.7 b 11,528 b 5.5 2.5 20,957 6.5 b 2.6 b 13,600 ab
12 3.1 1.5 110,107 a 7.3 3.1 ab 12,433 b 5.2 2.5 28,065 7.1 ab 3.1 b 11,485 b
13 3.2 1.5 6,510 b 7.1 2.9 ab 50,185 a 5.2 2.1 26,700 7.9 ab 3.7 ab 11,757 b
14 4.0 1.8 122,365 a 7.1 3.2 ab 30,018 ab 5.1 2.6 22,738 8.5 ab 3.3 ab 9,543 b
15 3.4 1.1 2,390 b 5.0 2.1 ab 26,650 ab 5.0 2.1 25,093 7.1 ab 2.6 b 14,240 ab
MIS 4.3 2.0 89,330 a 6.7 3.5 a 24,405 b 4.7 2.8 33,495 10.0 a 4.4 a 22,427 a
* Each cultivar was inoculated with 9000 root-knot eggs and juveniles in 12 cm plots.
2
Treatment means are the averages of 4 replications.
3
Column means followed by same letter are not significantly different according to Duncan's multiple range test 
(P - 0.05).
4
PF represents the total number of eggs and juveniles recovered.
Ln
Table 5. Experiment 4. Comparison of root-knot populations La 16, La 17, La 18, La 19, La 20, and MIS on the top weight,
root weight and number of eggs and juveniles (PF) produced on 'Centennial', 'Jasper', 'Jewel', and L4-73 sweet
potatoes.
Populations
Centennial 1 Jasper Jewel L4-73
Top 
wt (g)
_ Root 
wt (g) PF4
Top 
wt (g)
Root 
wt (g) PF
Top 
wt (g)
Root 
wt (g) PF
Top 
wt (g)
Root 
wt (g) PF
16 2.7 1.9 63,810
3a 4.5 ab 2.4 25,275 3.1 1.7 17,733 ab 6.1 3.2 9,408 ab
17 2.7 1.7 22,680 c 5.1 a 2.9 20,990 2.8 2.3 17,400 ab 6.1 3.1 9,368 ab
18 3.9 2.2 21,820 c 4.1 ab 2.3 20,560 2.8 2.0 35,620 ab 4.0 2.2 12,875 a
19 3.1 2.0 12,080 c 2.1 b 1.3 20,438 2.9 2.1 40,125 a 2.4 1.7 3,608 c
20 3.2 1.7 11,583 c 4.0 ab 2.6 22,460 2.0 1.4 30,030 ab 5.2 3.6 7,798 be
MIS 4.2 1.7 48,645 b 4.0 ab 2.5 16,995 3.4 2.1 15,923 b 13.4 4.4 9,098 ab
* Each cultivar was inoculated with 9000 root-knot eggs and juveniles in 12 cm plots.
2
Treatment means are the averages of 4 replications.
3
Column means followed by same letter are not significantly difficult according to Duncan's multiple range test 
(P - 0.05).
4
PF represents the total number of eggs and juveniles recovered.
Table 6. Experiment 5. Comparison of root-knot populations La 21, La 22, La 23, La 24, and MIS on the top weight, root
weight and number of eggs and juveniles (PF) produced on 'Centennial', 'Jasper', 'Jewel', and L4-73 sweet
potatoes.
Centennial^ Jasper Jewel L4-73
Top . Root A Top Root Top Root Top Root
Populations wt (g) wt (g) PF* wt (g) wt (g) PF wt (g) wt (g) PF wt (g) wt (g) PF
21 3.0 b3 2.6 94,755 a 4.3 3.8 18,990 b 2.9 5.4 31,687 6.2 ab 5.4 ab 8,633 b
22 4.9 ab 3.1 116,010 a 3.8 6.6 21,815 b 2.4 3.1 19,087 5.1 ab 2.9 b 15,208 ab
23 4.7 ab 4.5 80,788 ab 4.6 3.9 20,273 b 2.7 3.7 40,798 6.1 ab 5.5 ab 22,333 a
24 6.5 a 4.7 27,670 b 5.6 6.3 12,537 b 4.5 4.4 26,415 6.4 a 5.7 ab 8,540 b
MIS 2.8 b 3.2 106,130 a 4.6 5.7 36,783 a 3.7 5.4 44,518 4.5 b 7.8 a 12,748
* Each cultivar was inoculated with 9000 root-knot eggs and juveniles in 12 cm plots.
2
Treatment means are the averages of 4 replications.
3
Column means followed by same letter are not significantly different according to Duncan’s multiple range test 
(P - 0.05).
^ PF represents the total number of eggs and juveniles recovered.
Table 7. Experiment 6. Comparison of root-knot populations La 25, La 26, La 27, La 28, La 29 and MIS on the top weight,
root weight and number of eggs and juveniles (PF) produced on 'Centennial', 'Jasper', 'Jewel', and L4-73 sweet
potatoes.
Centennial 1 Jasper Jewel L4-73
Populations
Top 
wt (g)
Root 
wt (g) PF4
Top 
wt (g)
Root 
wt (g) PF
Top Root 
wt (g) wt (g) PF
Top 
wt (g)
Root 
wt (g) PF
25 3.9 b3 3.1 218,290 a 5.0 b 3.5 b 195,573 a 4.2 3.8 b 283,450 a 5.8 4.5 303,470 a
26 5.7 ab 4.8 78,980 b 7.6 a 5.4 a 41,550 b 5.3 7.5 a 108,980 b 6.8 6.2 9,880 b
27 6.4 ab 4.2 62,720 b 6.4 ab 6.0 a 65,867 b 5.3 6.1 ab 50,150 b 7.0 5.7 21,587 b
28 5.0 ab 3.7 78,053 b 6.2 ab 5.5 a 19,100 b 4.4 5.3 ab 65,920 b 4.7 4.2 3,006 b
29 5.5 ab 5.1 6,455 b 7.9 a 6.5 a 22,160 b 5.6 6.4 ab 93,280 b 5.6 4.2 2,250 b
MIS 6.9 a 4.2 75,420 b 7.0 a 6.4 a 25,620 b 4.8 7.9 a 48,530 b 6.7 4.2 11,605 b
* Each cultivar was inoculated with 9000 root-knot eggs and juveniles in 12 cm plots.
2
Treatment means are the averages of 4 replications.
3
Column means followed by same letter are not significantly different according to Duncan's multiple range test 
(P - 0.05).
4
PF represents the total number of eggs and juveniles recovered.
Table 8. Experiment 7. Comparison of root-knot populations La 25, La 26, La 27, La 28, La 29 and MIS on the top weight,
root weight and number of eggs and juveniles (PF) produced on 'Centennial', 'Jasper', 'Jewel', and L4-73 sweet
potatoes.
Centennial3 Jasper Jewel L4-73
Populations
Top 
wt (g)
9 Root 
wt (g) PF4
Top 
wt (g)
Root 
wt (g) PF
Top 
wt (g)
Root 
wt (g) PF
Top 
wt (g)
Root 
wt (g) PF
25 3.2 2.2 208,080 6.3 3.1 316,560 a3 7.0 a 4.4 a 37,685 a 6.1 ab 2.0 ab 195,080 a
26 3.8 2.3 123,653 5.5 2.9 108,150 b 4.3 b 2.4 b 94,970 c 4.3 ab 1.3 ab 55,840 b
27 4.0 2.5 137,360 5.7 3.1 103,120 b 6.0 ab 3.8 ab 150,640 be 4.2 ab 1.9 ab 49,740 b
28 3.7 2.7 150,290 6.8 3.3 134,590 b 3.9 b 2.2 b 103,790 c 8.3 a 3.1 a 80,720 b
29 6.0 2.7 105,160 5.6 2.0 101,040 b 5.2 ab 4.6 a 187,450 b 3.4 b 1.3 b 25,040 b
MIS 5.3 2.6 126,931 7.0 3.2 60,320 b 4.7 ab 2.3 ab 112,870 be 5.2 ab 1.8 ab 58,240 b
3 Each cultivar was inoculated with 9000 root-knot eggs and juveniles in 12 cm plots.
Treatment means are the averages of 4 replications.
3 Colunm means followed by same letter are not significantly different according to Duncan's multiple range test 
(P - 0.05).
4
PF represents the total number of eggs and juveniles recovered.
Table 9. Experiment 8. Comparison of root-knot populations La 6, La 8, La 9, La 10, and MIS on the top weight, root
weight and number of eggs and juveniles (PF) produced on 'Centennial1, 'Jasper', 'Jewel', and L4-73 sweet
potatoes.
Centennial 1 Jasper Jewel L4-73
Populations
Top 
wt (g)
. Root 
wt (g) PF4
Top 
Wt (g)
Root 
wt (g) PF
Top 
Wt (g)
Root 
wt (g) PF
Top 
wt (g)
Root 
wt (g) PF
6 1.9 2.3 53,870 b3 3.2 a 4.3 a 19,970 ab 1.9 b 2.6 b 5,960 b 3.4 2.5 3,650 a
8 1.9 3.0 1,620 c 2.6 ab 2.9 b 26,570 a 2.8 ab 2.9 b 42,860 a 2.7 1.6 0 a
9 1.7 2.5 12,850 be 1.9 b 2.7 b 4,950 b 3.0 ab 3.6 b 3,900 b 2.9 2.3 1,067 a
10 1.6 1.8 5,980 c 1.8 b 3.1 ab 18,320 ab 2.1 ab 3.1 b 11,905 b 2.8 1.8 1,360 a
MIS 2.0 3.1 101,500 a 1.8 b 2.9 b 18,600 ab 3.4 a 5.1 a 38,480 a 2.1 1.4 3,920 a
* Each cultivar was inoculated with 9000 root-knot eggs and juveniles in 12 cm plots.
2
Treatment means are the averages of 4 replications.
3
Column means followed by same letter are not significantly different according to Duncan's multiple range test 
(P - 0.05).
4
PF represents the total number of eggs and juveniles recovered.
Table 10. Experiment 9. Comparison of root-knot populations La 1, La 4, La 5, and MIS on the top weight, root weight and
number of eggs and juveniles (PF) produced on 'Centennial', 'Jasper', 'Jewel', and L4-73 sweet potatoes.
Populations
Centennial* Jasper Jewel L4-73
Top ,
wt (g)
Root 
wt (g) PF4
Top 
wt (g)
Root 
wt (g) PF
Top Root 
wt (g) wt (g) PF
Top 
wt (g)
Root 
wt (g) PF
1 1.7 ab3 1.9 ab 75,660 b 2.4 ab 3.8 ab 52,230 1.9 3.2 b 56,590 2.7 2.7 26,173
4 0.6 ab 2.0 ab 210,820 a 4.0 a 4.8 a 49,250 2.6 4.0 a 58,850 3.2 2.3 27,600
5 0.5 b 1.0 b 57,700 b 1.6 b 2.2 b 36,530 1.8 3.1 b 70,520 2.8 2.3 33,373
MIS 2.6 a 3.4 a 151,970 ab 2.4 ab 3.4 ab 52,270 1.7 3.2 b 69,060 2.3 1.9 10,580
* Each cultivar was inoculated with 9000 root-knot eggs and juveniles in 12 cm plots.
2
Treatment means are the averages of 4 replications.
3
Column means followed by same letter are not significantly different according to Duncan's multiple range test 
(P - 0.05).
4
PF represents the total number of eggs and juveniles recovered.
Table 11. The effect of controlled temperatures on the reproduction of three Meloidogyne incognita populations on
'Centennial', 'Jasper', 'Jewel', and 14-73 sweet potatoes.
RK
Population
Growth Chamber Temperature
32°C 24°C
Centennial Jasper Jewel 14--73 Centennial Jasper Jewel 14-■73
Egg M Eggs‘ Egg M Egg8 Egg M Eggs Egg M Eggs Egg M Eggs Egg M Eggs Egg M Eggs Egg M Eggs
1 62.8 225 9 102 24 ab3 63 b 60 b 74 b 85 b 160 13 103 8 a 13 b 5 b 7 b
2 132.0 315 36 357 136 a 360 a 144 a 320 a 120 a 295 33 114 102 b 245 a 189 a 286 a
3 87.0 298 19 178 17 b 39 a 32 c 46 c 72 b 330 21 92 11 b 18 b 5 b 5 b
 ^Each cultivar was inoculated with 5000 eggs and juveniles.
2
Treatment means are the average of 4 replications.
3
Column means followed by same letter are not significantly different according to Duncan's multiple range test. 
(P - 0.05).
Table Al. Comparison of 19 single egg mass Isolates of the Meloidogyne Incognita population used in the Louisiana State 
University Sweet Potato Breeding Evaluation Program on 'Centennial' and 'Jasper' sweet potatoes.
Population^
'Centennial' 'Jasper'i
TotaJ
Eggs
Recovered
Total
Larvae
Recovered
Top wt 
(g)
Rt wt
(g)
Total
Eggs
Recovered
Total
Larvae
Recovered
Top wt 
(g)
Root wt 
(g)
1 160,000 25,760 1.0 b3 1.0 be 36,800 100 b 3.2 ad 2.7 ab
2 238,933 13,173 1.6 ab 2.2 a 40,800 1,373 ab 4.3 abed 2.2 ab
3 98,133 7,180 1.5 ab 1.0 abc 46,400 1,900 ab 5.7 abc 2.5 ab
4 263,200 8,060 0.5 b 1.2 abc 44,000 1,067 ab 3.0 cd 1.7 ab
5 259,200 3,580 2.4 ab 1.6 abc 40,000 780 ab 4.8 abed 3.4 a
6 168,267 21,320 1.8 ab 1.5 abc 37,867 2,207 ab 2.9 cd 2.5 ab
7 122,400 5,480 1.2 b 0.7 c 55,467 1,147 ab 6.3 ab 1.6 ab
8 159,200 24,467 1.1 b 1.2 abc 29,333 1,620 ab 5.4 abc 2.5 ab
9 109,200 24,000 0.4 b 0.9 be 39,733 420 ab 6.7 a 2.6 ab
10 258,800 27,093 1.9 ab 1.3 abc 35,733 960 ab 4.4 abed 2.0 ab
11 154,800 11,320 0.6 b 0.7 c 26,933 620 ab 2.9 cd 1.5 ab
12 152,000 5,387 3.7 a 2.1 ab 40,000 1,173 ab 3.6 bed 2.0 ab
13 111,733 23,240 2.9 ab 1.4 abc 28,533 1,240 ab 2.9 cd 2.1 ab
14 83,733 2,427 2.2 ab 1.8 abc 27,467 533 ab 2.1 d 1.6 ab
15 127,200 2,560 1.1 b 1.5 abc 29,600 1,067 ab 2.6 cd 1.1 ab
16 158,600 5,480 1.1 b 1.2 abc 17,387 1,493 2.9 d 0.5 b
17 136,667 12,520 2.0 ab 1.5 abc 58,400 6,453 3.1 cd 1.2 ab
18 196,533 2,840 2.5 ab 1.2 abc 61,333 1,533 ab 3.4 bed 1.5 ab
19 233,200 12,500 0.7 b 1.4 abc 71,667 5,040 ab 2.7 cd 1.3 ab
3 Egg mass population originated from a single egg mass isolate of the LSU population.
2
2 Treatment means are the average of 3 replicates.
Column means followed by same letter are not significantly different according to Duncan's multiple range test 
(P - 0.05).
Table A2. The effect of four M. Incognita populations on 'Centennial' and 'Jasper' sweet potatoes.
Root
Knot
Population
Centennial Jasper
Total
Eggs
Recovered
Total
Larvae
Recovered
Top growth 
(g)
Root growth 
(g)
Total
Eggs
Recovered
Total
Larvae
Recovered
Top growth 
(g)
Root growth 
(g)
MIS 226,750 1,103 b3 16 b 7 a 20,350 b 294 14 ab 3 be
4
JRK 206,543 1,531 b 14 b 8 a 39,288 ab 353 14 ab 5 ab
La 7 193,800 4,175 a 14 b 7 a 27,850 b 834 10 b 3 c
La 25 207,500 2,347 ab 20 a 8 a 50,275 a 756 15 a 5 a
* Each cultivar was inoculated with 1000 eggs and juveniles.
Treatment means are the averages of 4 replicates.
3
Column means followed by same letter are not significantly different according to Duncan's multiple range test 
(P « 0.05).
4
Meloidogyne incognita Race 3.
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